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SUMMARY 


Compressibility effects on .the aerodynamic section 
characteristics of an airfoil with a round-nose slotted 
Frise aileron were investigated from pressure distributions 
obtained at various airfoil angles of attack and aileron 
angles for Mach numbers from 0.25 to approximately 0*7 6 . 

The aileron tested represented a modification of a sharp- 
nose Frise aileron previously investigated by the NACA. 

The modification included an increased nose radius as well 
as an increased balance chord. 

Modifying the. nose of the aileron improved the 
section aileron effectiveness Aa/Ad a at large negative 

aileron deflections and slightly reduced the effective- 
ness at moderate aileron deflections. The wind-tunnel 
data indicated a reduction In stick force and an Improve- 
ment In stick-force characteristics at high diving speeds; 
however, the tendency of the up-going aileron toward ex- 
cessive overbalance at these high speeds still existed. 
Section aileron loads were essentially unchanged by 
modifying the aileron nose. 


INTRODUCTION 


Flight tests of a high-speed, fighter-type air- 
plane with 3harp-nose ailerons showed heavy stick forces 
at large aileron deflections and undesirable aileron over- 
balance tendencies in high-speed dives. These aileron 
difficulties were further evidenced by the results of the 
high-speed tunnel tests (reference 1) of an aileron , 

model based on the midsection of the original sharp-nose 
aileron used on this airplane. In order to improve the 
lateral-control characteristics of the airplane, the 
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Langley Plight Research Division modified the original 
aileron by increasing the nose radius and nose overhang. 
Plight tests of this modified aileron were made and 
reported in reference 2 . 

The high-speed-tunnel tests of the sharp-nose aileron 
model reported in reference 1 were extended to include 
tests of an aileron model based on the midsection of the 
NACA modified aileron developed for use on a high-speed 
fighter-type airplane. Complete pressure-distribution 
measurements over the main portion of the airfoil and 
modified aileron were made at Mach numbers up to approxi- 
mately O .76 to. determine the aerodynamic section charac- 
teristics of the airfoil and aileron and the effect - of 
compressibility upon these characteristics. 


SYMBOLS 


The term "airfoil” is herein used to mean the combin- 
ation of the aileron and the main portion of the airfoil. 
The term "aileron alone" refers to the characteristics of 
the aileron in the presence of the main portion of the 
airfoil. The aerodynamic coefficients and other symbols 
used in the present report are as follows : 

a angle of attack 

V velocity in undisturbed stream 

P' 

P 

Po 

P 
a 

q 

p 
M 


rolling angular velocity 

local static pressure at a point on airfoil section 
static pressure in undisturbed stream 
mass density in undisturbed stream 
speed of sound in undisturbed stream 

f ! 2 \ 

dynamic pressure in undisturbed stream I i 

pressure coefficient 
Mach number (v/a) 





n 



:taca TN No. 1075 


3 


* 


5 a aileron deflection; positive for down deflection 

c a total chord of aileron (see fig. 1) 

cjj chord of main portion of airfoil (without aileron) 
c w chord of airfoil (with aileron) 

x distance along chord from leading edge of airfoil 

or aileron 

x h hinge-axis location along chord from leading edge 
a of aileron 

hinge-axis location along chord from leading edge 
w of airfoil 


y distance normal to chord 
y^ hinge-axis location normal to chord 


c n section normal-force coefficient of aileron alone 
from pressure-distribution data 


'Tic 


1 

c a u 




(p L - P u) dx 


c n section normal-force coefficient of main portion 
M of airfoil (without aileron) from pressure- 
distribution data 

r-> C j ' 

° n K = 4 ^ dX 

c n section normal-force coefficient of airfoil (with 
w aileron) from pressure-distribution data; 

component of total normal-force coefficient due 
to aileron chord force neglected; maximum abso- 
lute error thus introduced approximately 0.01 


c % 


1 


( c m ( 


° n M + 


c a c n 


cos 


a 
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c c section chord-force coefficient of aileron alone 
a from pressure-distribution data 


°h a 



Pi*) d J 


section hinge-moment coefficient of aileron alone 
about aileron hinge axis from pressure- 
distribution data 


°h 

Xi a 



- *ha) dx 


/ ymax , x ' >. 

( p ah - p r) (y - yh) d y 

ymin 

c section pitching-moment coefficient of airfoil 
m (with aileron) about quarter-chord point of 

airfoil due to normal force on m8in portion of 
airfoil and aileron; pitching moment due to 
chord force of main portion of airfoil and 
aileron not Included 



+ c n a c a sin 6 a yhj 

section center- of- pres sure coefficient of aileron 
Pa alone (ratio of distance of center of— pressure 

of aileron from leading edge of aileron to 
total chord of aileron) 


n 
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Subscripts • 

cr when local speed of sound has been reached on some 
point on airfoil section 

U upper surface of airfoil section 

L lower surface of airfoil section 

ah ahead of maximum ordinates of aileron 

r to the rear of maximum ordinates of aileron 

max maximum 

min minimum 


APPARATUS AND TESTS 


The tests were made in the Langley 8-foot high-speed 
tunnel, which is of the single-return, circular cross- 
section, closed-throat type with continuously controlled 
airspeed for these tests in an approximate Mach number 
range of O.15 to 0,75. ’ 

The model used in this investigation was a 
2lp- Inch- chord 10 . P-pe^cent-thick airfoil with a round- 
nose slotted Prise aileron based on the midsection of the 
NACA modified aileron developed for r a high-speed fighter- 
type airplane. The model was of uniform section and 
spanned the tunnel. The main portion of the airfoil and 
the aileron tailpiece were the ’same as those used in the 
tests of reference 1 . The sharp nosepiece of the aileron 
of reference 1 was replaced with a nosepiece of increased 
nose radius and increased nose overhang. The aileron 
hinge-axis location, with respect to airfoil chord, ‘ 
remained the same for both models. A cross section of the 
modified round-nose aileron discussed herein is compared 
with the original aileron in figure 1 . Tables I and II 
give the coordinates of the' main portion of " the airfoil 
and the modified aileron, respectively. ‘ The . aileron 
nose radius was increased from 0J4. of 1 percent of the 
aileron chord for the original sharp-nose aileron to 
2.2 percent of the aileron chord for the modified aileron. 
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The additional nose overhsng increased the original 
aileron chord by 2 percent and changed the geometric nose 
balance from 25*70 percent to 27 * l 6 percent. 

Complete static-pressure measurements over the main 
portion of the airfoil and the aileron were made for 
Mach numbers from O .25 to approximately O .76 for various 
airfoil angles of attack and aileron deflections. The 
tests were made with aileron deflections from -15*5° to 
15°* Model structural considerations limited the maxi- 
mum aileron deflections to values less than those of 
reference 1. Simultaneous observations of the static 
pressures acting over the airfoil were obtained by photo- 
graphing a multiple-tube liquid manometer. 


RESULTS 


The aerodynamic section characteristics presented 
herein have been determined from integration of pressure- 
distribution data by the same method used in the analysis 
of the data of reference 1 . • 

Section airfoil normal-force coefficient c n is 

-*w 

plotted against angle of attack a at various aileron 
deflections in figure 2. Compressibility effects on 
section normal-force-curve slope 6 c n ^ a and. 2 , ‘W S,6 a 

are shown in figure 5 * 

The effectiveness of the aileron for producing roll 
is indicated by figure I 4 , which shows the variation in 
angle of attack with aileron deflection necessary to 
maintain a section airfoil normal-force coefficient of 0 . 

A large negative slope is necessary for high rate of roll. 
The effect of compressibility on aileron effectiveness for 
moderate 'aileron deflections is more fully brought out in 
figure 5 , which shows the variation of the eff ectiveness 
ratio Aa/A 6 a (here taken. as the average' value for 
deflections from - 6 ° to 6 °j the minus sign is omitted) 
with Mach number. Figure o is a plot . of “section steady 
rate of roll against Mach number. This section roll 
varies directly as the product of the effectiveness 
ratio Aa/A 6 a and the velocity V and was determined as 


II 



NACA TN No. 1075 


7 


explained in reference 1 . The section roll is propor- 
tional to the roll of a rigid wing in pure roll; therefore, 
figure 6 has been included to illustrate the nature of the 
compressibility effect 0^ roll. 

Section aileron hinge-moment-coef f icient data are 
given in figures 7 an ^ 8 and section center-of-pressure 
coefficient data in figure 9. Estimated stick-force data 
for nondifferential aileron deflections, based on hinge- 
moment coefficients at airfoil lift coefficients corre- 
sponding to those of a high-speed fighter-type airplane 
in level 'flight, are given in figure 10 . These data were 
calculated for an aileron linkage of I.7 0 aileron deflec- 
tion per inch of stick movement, an area of the single 
aileron of 13*3 square feet,' an aileron mean chord of 
19*1 inches, and a hinge-axis location 27*2 percent back 
from the leading edge of the aileron. No account has been 
taken of variation of the section aileron geometric 
balance along the aileron span or of the effect of three- 
dimensional flow on actual stick forces. 

Comparative data on peak negative pressure coeffi- 
cients (here taken as peak experimental values at a 
static orifice) for the subject aileron and that reported 
in reference 1 are shown in figure 11 . The data for the 
modified aileron at aileron deflections of -12° and -I5.5 0 
are shown extrapolated, where necessary, to the P cr wcurve. 
Figure 12 gives section aileron critical Mach number data. 
Section aileron normal-force coefficient data and section 
aileron loading data are presented in figures 13 and lip, 
respectively. 

Figure 15 shows data on section critical Mach number 
of the main portion of the airfoil. Section airfoil 
pitching -moment-coeff icient data appear in figure 16 and 
section aileron, chord-force coefficient lata in figure 17. 

Included in some of these figures are curves taken 
from reference 1 for the original sharp-nose aileron. 

These data are presented for comparative purposes, and the 
sharp-nose aileron is designated the original aileron 
(reference 1). 
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DISCUSSION 


The nosepiece of the aileron used in these tests 
had a larger nose radius and more nose overhang than that 
used in the tests of reference 1, as previously mentioned 
and shown in figure 1 . This change in nose form, of 
course, modified the shape of the slot between the main 
portion of the airfoil and. the aileron nose. Except" for 
the different nose shape with its modifying effect on slot 
shape, the two airfoil models were the same. The discus- 
sion is, therefore, chiefly concerned with the effect of 
modification of the aileron nose radius and geometric 
balance upon aerodynamic section characteristics of the 
airfoil and aileron.' The results reported for the 
modified aileron are compared with those presented in 
reference 1 for the airfoil with the original sharp-nose 
aileron. 


Control Effectiveness Characteristics 

The normal-force-curve slopes 6c n /da and 6c n /66 a 

for the modified aileron (figs. 2 and 3) are essentially 
the same as those given in reference 1 for the original 
aileron. Improved air flow at large negative aileron 
deflections renders the modified aileron more effective in 
producing roll at these deflections than the original 
aileron, as shown by the larger changes in angle of 
attack a at large negative deflections necessary to 
maintain a constant value of section airfoil normal-force 
coefficient (fig. 4). Hence, at- moderate speeds at which 
stick forces permit aileron deflections of this magnitude, 
greater rates of roll are indicated for the modified 
aileron. This difference In effectiveness, however, 
becomes less with increase in Mach number. For figure 3 
the effectiveness ratio Aa/A 5 a at moderate aileron 
deflections (±6°) is found to be somewhat lower for the 
modified aileron model than for the original aileron 
model. This loss in effectiveness can be seen to amount 
to less than 5 percent at a Mach number of 0.7 
(figs. 5 and b). The flight tests of reference 2 showed 
increased effectiveness at large aileron deflections for 
the NACA modified ailerons, as indicated by the 
two-dimensional data, but the flight tests generally showed 
some improvement at moderate deflections also. 
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Aileron Kinge-Moment Coefficient 

Modification of the aileron has a favorable effect, 
because of improved flow conditions, on the hinge -moment 
coefficient of the aileron over an extended range of 
negative aileron deflections (figs. 7 and 8). The nega- 
tive aileron deflection, beyond which there is a rapid 
increase in hinge-moment coefficient, has been increased 
from -6° deflection for the original aileron to -12° 
deflection at the lower Mach numbers for the modified 
aileron (fig. 8) # and this extension is desirable in 
keeping stick forces light over a greater range of aileron 
deflections. The pressure plots indicate no separation at 
the lowest Mach number for a deflection of -12°, but some 
separation off the lower surface occurs at the higher Mach 
numbers. This tendency toward separation is further evi- 
denced by the increase in hinge-moment coefficient with 
Mach number (fig. 8) and by the rearward shift in aileron 
center-of-pressure coefficient with Mach number (fig. 9( a ))» 
For an aileron deflection of -12° the hinge-moment coeffi- 
cient of the modified aileron at low Mach numbers is 
appreciably less, even to the point of overbalance, than 
that of the original aileron. Compressibility effects, 
however, diminish this difference so that, at a Mach 
number of 0.6, the hinge-moment coefficient of the modi- 
fied aileron approaches that of the original aileron. At 
aileron deflections greater than -12° there is a rapid 
increase in hinge-moment coefficient (fig. 8) and a : 
rearward shift in center-of-pressure coefficient (fig. 9) 
due to increased flow separation off the lower surface of 
the aileron. This separation is aggravated by compressi- 
bility. Flight tests of the modified NACA aileron 
(reference 2) showed improved flow conditions over an even 
greater range of negative aileron deflections than did the 
two-dimensional tests. The aileron stick-force data from 
the flight tests indicate no severe separation off the 
aileron, for , aileron deflections up to -16° (^^i^^ 111 
defle.ction tested) at a Tagh number of 0 . 75 (maximum test 
speed with maximum deflection). 

The tendency toward excessive overbalance at high 
Mach numbers noted in reference 1 for aileron deflections 
of -ii° and -6° is also noted for the modified aileron. 
Rounding the nose of the aileron delays arid makes more 
gradual the unporting of the aileron nose at up deflec- 
tions, and this feature lessens the , undesirable tendencies 
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of an aileron of this type to "snatch 1 ’ . A high-speed 
fighter airplane equipped with a set of NACA modified 
ailerons has been dived, with ailerons kept approximately 
neutral, to a Mach number of 0.86 -without showing aileron 
snatch or any of the other objectionable features charac- 
teristic of the original sharp-nose ailerons in high-speed 
dives. The tendency toward excessive overbalance at high 
Mach numbers, however, is still to be expected v/ith any 
type of control surface that depends upon a nose form 
which protrudes into the air stream for close aerodynamic 
balance. For positive aileron deflections the 
hinge-moment coefficient (fig. 8) and the center- of- 
pressure coefficient. (fig. 9) the modified aileron show 
char ac ter ist-ics similar to those of the original aileron; 
the hinge moments for the modified aileron, however, are 
somewhat less , 

Undesirable stick-force characteristics at the 
highest Mach numbers, where in a region of moderate 
aileron deflections the stick force decreased with 
increasing deflection as a result of the tendency of the 
up-going aileron toward excessive overbalance, were noted 
in reference 1 for the original, aileron. These charac- 
teristics were improved in the modified aileron (fig. 10) 
but extrapolation of the stick-force curves indicates 
that, at speeds beyond those of the test data, similar 
control difficulties may be encountered. Estimated stick 
forces at moderate aileron deflections (-1;°) were 
somewhat increased for the modified aileron at the lowest 
Mach numbers and reduced at the higher Mach numbers. 

This reduction at the higher Mach numbers, for example, 
amounts to 13 percent for an aileron deflection of ± 4 ° 
at a Mach number of 0.525* (See fig. 10.) The decrease 
in stick force at the higher Mach numbers permits greater 
aileron deflections for the modified aileron at speeds 
where stick force is the limiting f-actor determining 
maximum possible aileron deflection. Although the effec- 
tiveness ratio Aa/A6 a for small, deflections is slightly 
less for the modified aileron, the rate of roll at these 
speeds can be expected to be increased as a consequence 
of the larger range of aileron deflections possible. 

The hinge-moment-coefficient data of the 
two-dimensional tests indicated a reduction of stick 
forces at large aileron deflections as a result of modi- 
fying the aileron nose, and this reduction was also shown 
in the flight tests of reference 2. At moderate aileron 
deflections there is variance, however, in the effect of 
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nose modification on estimated stick forces based on 
two-dimensional data and actual stick forces ' obtained in 
flight. Mention has been made previously of reasons for 
the discrepancy between flight values and those based on 
two-dimensional data. In addition, with an aileron of the 
Prise type, small differences in aileron contour, balance, 
and rigging resulting from manufacturing and assembly ' 
irregularities can cause appreciable changes in stick-force 
values. Stick-force data obtained for an aileron of this 
type, therefore, apply rigorously only for the particular 
wing-aileron combination used in the tests and may be quite 
different for another wing-aileron combination built to the 
same nominal dimensions. The flight stick-force data of 
reference 2 are measured from the trim position of the 
ailerons, and changes in trim position can have notable 
effect on stick-force magnitudes for a nonlinear variation 
of hinge-moment coefficient with aileron deflection. The 
two-dimensional data indicate, for example, that at a Mach 
number of 0.60 and for a total aileron deflection of 8° 
from trim position a change in trim from 0° to i 1° can 
reduce the stick force by 15 percent. 


Prise Aileron Critical Speeds 

Increasing the nose radius of the Prise aileron had a 
marked effect on the magnitudes and variation with hach 
number of the peak negative pressures about the aileron 
nose at large negative aileron deflections. Hie round 
nose of the modified aileron retarded flow separation off 
the lower surface to larger negative deflections with the 
consequent development of high peak negative pressures 
about the nose at large deflections, as shown in figure 11. 
The rapid decrease in peak negative pressures for the 
-12° aileron deflection, due to compressibility effects, 
and for the -I5.5 0 deflection, due to both section airfoil 
normal-force-coefficient variation and compressibility, 
with the resultant increased tendency toward flow sepa- .. 
ration is further evidenced by large changes in aileron 
aerodynamic characteristics, especially hinge-moment 
coefficients. At negative deflections up to -6° the nose 
modification produced no large changes in peak negative 
pressures. Any marked departure of the air flow about a 
body from the streamline picture. In which the flow 
follows the contour of the body, results In adverse effects 
on aerodynamic characteristics. This flow change may 
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result, at subcrltical Mach numbers, from ordinary 
separation or, at supercritical Mach numbers, from energy 
losses (that cause incomplete pressure recovery behind the 
shock) and from separation of the flow as a result of the 
severe pressure gradients across the, shock waves. The 
critical Mach number of a body refers, of course, to the 
minimum free-stream Mach number at which the local 
velocity of the air stream at any point on the body has 
reached the local speed of sound. For flow that has not 
separated, the critical Mach number is the criterion for 
determining the speed at “which detrimental flow changes 
due to compression shock can be expected to develop. The 
field of supersonic flow oyer the. Prise aileron at up 
deflections is. localized about the nose of the aileron; 
thus the compression shock losses are not so severe as 
those on an airfoil where supersonic flow occurs over a 
much greater extent of surface; but at speeds in excess 
of the aileron critical speed adverse effects including 
vibration and shake of the control can well develop. If 
separation has occurred at subcrltical speeds so that the 
flow is already undesirable, the critical Mach number is 
no longer of primary interest. In this case, the critical 
Mach number merely means that a flow, which already is 
undesirable at subcritical speeds, can be expected to be 
even worse at supercritical speeds. 

Since the critical Mach number corresponds to a 
unique value of pressure coefficient, variations in criti- 
cal peak negative pressure coefficient as a result of 
aileron nose modification will be reflected by corre- 
sponding variations in critical Mach number (fig. 12) . 
Because of higher peak pressures about the nose, the 
critical Mach number of the modified aileron at-large up 
deflections is seen to be lower than that of the original 
aileron. As has been brought— out previously, the air flow 
about the model with the original aileron at large up 
deflections is already undesirable at subcrltical speeds 
as a result of severe separation off the aileron. This 
separation meant reduced negative pressure peaks about the 
aileron nose and a higher critical speed which in this 
case, however, is no longer of primary importance since 
the flow Is already undesirable. Nose modification 
Improved flow by delaying separation at large up deflec- 
tions but with the development of high negative pressures 
about the aileron nose. For moderate negative aileron 
deflections (up to -6°), nose modification changed the 
critical Mach number by a maximum of only 0.025. 
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For positive aileron deflections two negative pres- 
sure peaks occur on the upper surface of the aileron, one 
at the leading edge and the other 28 to 33 percent behind 
the leading edge where there is a relatively rapid change 
in curvature of the upper surface. For the original 
aileron the maximum negative pressure coefficient occurred 
at the second of these pressure peaks. The maximum 
negative pressure coefficient of the modified aileron 
occured at the first of these peaks, as the increase in 
nose radius and balance caused ah increase in the negative 
pressure peak at the leading edge. Lower critical Mach 
numbers for the modified aileron ensued: and were also more 
affected by the section airfoil normal-force coefficient 
(fig. 12). The maximum decrease in critical Mach number 
at Doaitlve deflections amounted to 0.075 at a deflection 
of So . 

If lift effectiveness is to be maintained, separation 
must not occur. Modifying the aileron nose delayed - 
separation to larger up deflections and consequently 
improved effectiveness but also increased the peak negative 
pressure coefficients about the aileron nose. Prevention, 
of separation with a control of the Frise type can therefore 
be attained only at the expense of the development of high 
negative pressures about the aileron nose. Instability of 
the high negative pressures, moreover, produces corre- 
sponding undesirable variations in aerodynamic balance and, 
hence, in hinge-moment characteristics. 


Section Aileron Loads 

The magnitude of the section aileron normal-force 
coefficient (fig* 13 ) was essentially unchanged by the 
modification of the nose of the aileron except st the 
largest negative deflections where the loading increased. 
At the lowest Mach numbers there was also some Increase in 
section aileron, normal-force coefficient at positive 
deflections above 6°, but compressibility effects dimin- 
ished this difference in the coefficients noted at these 
Mach numbers. The section aileron loads (fig. lq) were 
generally -somewhat less for the modified aileron for 
deflections of k°, 2°, and -12° and somewhat more for 
deflections of 12°, 6°, 0°, -2°, ^h° , and -6°. Modifying 
the aileron nose increased the loading at up deflections 
on the forward portion of the aileron but generally 
decreased the loading on the rear portion. For a 
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deflection of -12° the decrease In Loading on the rear 
75 percent of the aileron was sufficient to cause a net 
decrease in loading as shown in figure lip. 


Other Airfoil Characteristics 

The modified nose on the aileron produced only small 
changes in the critical Mach number of the main portion 
of the airfoil (fig. 15)* The largest change was an 
Increase in critical Mach number of 0.02 for the airfoil 
with the modified aileron at an airfoil normal-force 
coefficient of 0 and an aileron deflection of - 12 °. Ihe 
section pitching-moment-coe.ff icient characteristics 
(fig. l 6 ) for the modified aileron model are quite 
similar to those for the original aileron model. Ihere 
is some difference, at the largest negative aileron 
deflections where delayed separation on the modified 
aileron resulted in an increase in pitching-moment coef- 
ficient ; however , this difference in pitching-moment 
coefficient is lessened with increase in Mach number since 
separation off the modified aileron is aggravated by 
compressibility. The modified nose has appreciable effect 
on the section aileron chord-force coefficients (fig. 17 ), 
and compressibility alsohes a large additional effect on 
these chord farces. 


C OKCL'J hi ;TG RE:* ARKS 


Section airfoil and aileron characteristics . were 
determined from wind-tunnel measurements of the complete 
pressure distributions over an airfoil with a round-nose 
slotted Frise aileron (based on the midsection of the NACA 
modified aileron developed for a high-speed f ighter-type 
airplane) for Mach numbers from 0.25 to approximately 6.76 
for various airfoil angles of attack and aileron deflec- 
tions. The ailerons tested represented a modification of 
a sharp-nose Frise aileron previously investigated by the 
NACA. The modification included an increased nose radius 
as well as an increased balance chord. These tests 
indicated the following comparative conclusions: 

1. The airfoil with the modified aileron can be 
expected to be more effective for producing roll at large 
negative aileron deflections than the airfoil with the 
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original aileron. This difference in effectiveness, 
however, would become less with increase in Mach number. 
At moderate aileron deflections (16°) a small loss in 
section aileron effectiveness &a/A5 a resulted from 

modifying the aileron nose. 

2. The estimated stick forces for nondifferential 
aileron deflections were reduced for the modified aileron 
and, because of the greater range of aileron deflections 
possible at high speeds at which stick forces become 
excessive, an improvement in rate of roll is indicated at 
these speeds. 

3* At high diving speeds a tendency of the up-going 
aileron toward excessive overbalance still exists but 
modification of the aileron nose improved the stick-force 
characteristics at these speeds. 

lj_. Section aileron loads were essentially unchanged 
by modifying the aileron nose. 


Langley Memorial Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va., March 7, 19ip6 
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TABLE I 

ORDINATES FOR MAIN PORTION OF AIRFOIL (WITHOUT AILERON) 

[Stations and ordiriates in inches from airfoil L.E. 
and chord line, respectively] 
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TABLE II 


ORDINATES FOR AILERON ALONE 
Ordinates in inches from chord line J 


Noelpiece 

Tailpiece 

Station 

Ordinate 

Station * 

Qrdln. 

ate 

(In. from 
airfoil L.E.) 

(In. from 
aileron L.E.) 

Upper surface 

Lower surface 

(In. fro * 
airfoil L.E.) 

(In. from 
aileron L.3, ) 

Upper surface 

Lower surface 

17.1+1 

0 

-0.30 

- 0.30 

19.75 

2.34 

0.48 

-0*29 

17.44 

.03 

-.19 

-.58 

19.90 

2.49 

4? 

-.28 

17.1+7 

.06 

-as 

-J 4 .O 

20.05 

2.64 

.45 

- *26 

17.50 

.09 

-.12 

-J +2 

20.20 

2.79 

42 

-.25 

17.52 

.11 

-.10 

-44 

20.50 

3.09 

‘ .39 

-.25 

17.55 

•lt+ 

C- 

O 

• 

1 

-A5 

20.79 

3-38 

.35 

-.21 

17.58 

.17 

-.05 

-J+5 

21.09 

3.68 

• 31 

-.20 

17-.61 

.20 

-.04 

-J+-5 

21.39 

3.98 

.27 

-.17 

17.64 

.23 

-.02 

-.45 

21.68 

4.27 

.23 

-15 

17.67 

.26 

-.01 

-.45 

21.98 

4.57 

.20 

-.14 

17.70 

.29 

.01 

-.45 

22.28 * 

4.87 

.17 

, -.!2 

17.75 

.32 

.02 

-45 

22.57 

5. 16 

.13 

-.10 

17.76 


.03 

-.45 

. 22.87 

5.46 

.10 

-.ofi 

17.79 

.38 

.04 

-.44 

23-17 

5.76 

. 0 ? 

-.06 

17.82 

.41 

.05 

-•44 

23.47 

6 .p 6 

.05 

-.04 

17.97 

.56 

.10 

-.43 

23.76 

6.35 

.02 

-.02 

18.12 

.71 



24.00 

6.59 

0 

0 

18.27 

.86 







18 . 1(2 

1.01 


iipi em 





18.56 

1.15 

.30 






18.71 

1.30 

.35 

-.56 




* 

18.86 

1.45 

.40 

-35 





19.01 

1.60 

.45 

-.34 





19.16 

1.75 

.48 

-.53 





19:51 

1.90 

.49 

-.32 





19.1+6 

2.05 . 

.50 






19.60 

2.19 

•50 

|' v t L 





19.70 

2.29 

.49 
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Figure 1.- Cross section of model based on section of wing of a high-speed fignter-tjpe airplane taken through 
uidsectlon of MACA modified slotted Frias aileron. Orifice locations Indicated. 
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Ang/e of arffarc/r, c/ec? 


(al M * 0.E5. 

Figure 2 .- Section airfoil normal-force coefficient against aiifrle of attack at 

various aileron deflections. 


iSeciL/or? jTorvfTCKAf&rxL'ts coe&vb/<er?f f ’ J 


» i 



/4ng/e of a/. Vac/r, ee., cfeg 

(b) M - 0.350. 


Figure 2.- Continued. 
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NACA TN No. 1075 Fig-. 2b 




Figure 2.- Continued. 


1075 




dry/e. ofa/fae/T, ce, Qtegr 


(d) M ■ 0.550. 
Figure 2.- Continued. 


NACA TN No. 1075 Fig. 2d 


<Secf/&/7 stoma/- fame ooeft ^b/estf. 



s4sqr/e of affocfr, ce, ofegr 


(e) M ■ 0.600. 


figure 2,- Continued. 


Fi?- 2e NACA TN No. 1075 




Figure £.- Continued. 


FI*. 2f 


'S&cf'/or? s?ar~/r7Gf/- rfo/~c€. coeffic/enf. 
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Fig. 2h 



\$&c//or> nor/n&A fbrt:e coe,AA/c/^r?/’ J 



—& —& -£ O £ -<* Co <3 * 

s4fx?/e of crAAoc/r; oc y c/e$r ^ 


{1) M • 0.725. ^ 

CJ1 


Figure 2 .- Continued. 




( J ) H &b noted. 


Figure 2.~ Continued. 


Fig. 2 j 




tf? -<9 -e — * -2 o 2 * g e * 

Ancf/e or a hzrc/r, ee, c/egr 5 

(k) M 0.8 noted. 

Figure 2.- Concluded. 
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A/f&ch 


Figure 3.- Effect of compressibility on norm 

and 3c„ /3S Q 
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Figure 4.- Angle of attaes for & section airfoil noruel-force coefficient of 0 against aileron deflection 

at various Hacb numbers. 


FI?. 4 NACA TN No. 1075 
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Figure 5.- Section aileron effectiveness for aileron deflections front -6° to 6° 
against Mach number at various section airfoil normal-force coefficients. 
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Tlgure 6.- Section steady rate of roll per degree deflection of single 

aileron against Mach number. c n » 0. 

n w 



Fig. 6 NACA TN No. 1076 




Sec ft on htnge-mo/nenf coefficient”. 


NACA TN No. 1075 


Fig. 7a 



riguse 7.- Section aileron hinge-noment coefficient against angle of attack 
at various aileron deflections.’ 


iSec//or? /?/h&e- moment coe^f/'c/ 


Fig. 7b 
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Fig. 7c 



Figure 7.- Continued. 









Sec //an h//^e-/r?e/??enf coe.&y'c/e.n/' t Sec ho n />/r?gre-'/no/r>*n/ coe./'f/c/enf, c, 


NACA TN No. 1075 


Fig. 7 f , g 
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s4ogr/e o^ar/rerc/cj pc , c/ecf 


(g! W * 0 . 675. 


Figure 7.- Continued. 
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Pig. 7 j , k 




( k J M ae noted. 
Figure 7.- Concluded. 




\$ecf/on /?/'r>gre-sr?c>mG r>f coe ff/c/entj 



Figure 8.- Section aileron hlnge-«o»ent coefficient againat aileron deflection et rmrloua Hach ntuiberi . 
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(a) c n * 0, 
“w 


Figure 9.— Section aileron center-of-presaure coefficient against aileron deflection 
i at various Mach numbers. 
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Figure 9.- Continued. 
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Figure 9*- Concluded! 
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£sftmcnf-ecl tf/Vc/T -force., /6 


Fig. 10 


NACA TN No. 1075 



Figure 10. - Estimated aileron stick force for nondifferential aileron deflections and 
steady rate of roll at two altitudes. 






NACA TN No. 1075 


Fig. 11a 



Figure 11.- Effect of compressibility and nose shape on peak negative pressure 

coefficient of aileron. 
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Fig. lib 


NACA TN No. 1075 



\5ecf/'on crS/eron crtAtcoi/ A/farc/r nam/bcn 
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.3 



-/6 ~/2 -6-4 O 4 3 /£ /& 


s4f/eron defection } dey 

Figure 12.- Section critical Mach number of aileron against aileron deflection at- 

two section airfoil normal-force coefficients. 
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Figure 13.* Section aileron normal-force coefficient against aileron deflection at various Mach numbers* 
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Fig. 13a NACA TN No. 1075 



So o/ /on nor mar/- force. aoe/&\ 



Fig. 13b 
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figure 13* - Concluded. 
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Pig. 14a 



Mach nw/n/ber-, M 


NATIONAL ADVISORY 

(a) Sea level. COMMITTEE FOR AERONAUTICS 

Figure 14.- Section aileron loading at various aileron deflections for 

steady rate of roll. 



Sec/'/bn cy/Zeroo ZocycZ/hgr > C n cy, lb/syf/ 






S option crificaJ Mach numJaar- 



Figure 15.- Section critical Mach number of main portion of airfoil against aileron 
deflection at various section airfoil normal-force coefficients. 
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<S€c-f/on pt fxih fng- moment coeffSc/enf} 



Fig. 16a NACA TN No, 1075 
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\$ect/ 0/7 pitching- tr> orrtarrh aocppicicntj 



rifurt'16.- Conclndad. 


pig. 16c NACA TN No. 1075 


tSecZ/or, c/Zeror, cf>or&- force coeffcZer, 



nfHre 17 .- Section aileron ebord- f oree coefficient a.ainst aileron deflection at varlou, Hnch nu^bera 
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*S'e.cf’/'on cz/'/c- ror? c/> or-tf- fore e. coe/if/'c/'er} 



Figure IV.- Concluded. 


Fig. 17b NACA TN No. 1075 


